Objectives: To identify distinct pain trajectories over 10.7 years and to examine predictors of identified pain trajectories in an older population and those with radiographic knee osteoarthritis (ROA). Methods: 963 participants (aged 50e80 years) from a population-based cohort had baseline demographic, psychological, lifestyle and comorbidities data collected. T1-and T2-weighted magnetic resonance imaging (MRI) of the right knee was performed to measure knee structural pathology-cartilage defects, bone marrow lesions (BMLs) and effusion-synovitis. Group-based trajectory modelling (GBTM) was applied to identify trajectories of knee pain over 10.7 years measured by Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC). Results: Three distinct pain trajectories were defined: 'Minimal pain' (n ¼ 501, 52%), 'Mild pain' (n ¼ 329, 34%) and 'Moderate pain' (n ¼ 165, 14%). In multivariable analysis, having cartilage defects, BMLs and effusion-synovitis were associated with an increased risk of being in the 'Mild pain' (relative risk [RR]: 1.40 to 1.92) and 'Moderate pain' trajectory (RR: 1.72 to 2.26), compared with the 'Minimal pain' trajectory. Being obese and having more painful sites were associated with 'Mild pain' and 'Moderate pain' trajectories, while unemployment, lower education level and presence of emotional problems were associated with 'Moderate pain' trajectory group. Similar results were found for those with ROA. Conclusion: Distinct pain trajectories identified suggest that homogeneous subgroups exist, which might be useful for phenotypic assessment for pain management, particularly in knee osteoarthritis. Structural pathology was associated with worse pain trajectories, suggesting that peripheral stimuli are critical for the development and maintenance of pain severity. Environmental and psychological factors may exacerbate pain perception.
Introduction
Musculoskeletal pain is a leading cause of disability in the elderly and has an adverse impact on other health outcomes such as poor physical function and reduced quality of life 1 . Its prevalence is high, with an estimate of 74% in community-dwelling older adults 2 . The causes of musculoskeletal pain encompass a spectrum of conditions where osteoarthritis (OA) is the most common cause of pain 3 . Studies have shown that 20% of musculoskeletal pain is ascribed to OA 4 and the proportion increases markedly with age, with 78% of knee pain attributed to radiographic knee osteoarthritis (ROA) 5 .
OA in the knee is a disabling condition ranked as the eleventh highest contributor of the 291 conditions to global disability 6 . Pain in the knee results in a significant impact on individuals' physical and psychological outcomes 7 . However, pain relief remains an unmet clinical need, with modest efficacy of currently used pain medication 8 . Lack of in-depth understanding of pain mechanisms might partly explain the reduced effectiveness of current treatments.
Pain is generally considered to gradually get worse in parallel with structural changes over time 9 . While worsening of pain is often noted at the group level, recent studies have found a high variation in the individual course of structural progression and pain with some patients remaining stable, experiencing improvement or worsening 9, 10 . This suggests that not all patients with pain have progressive symptoms. Within this highly heterogeneous population, there may be homogeneous subgroups of patients who follow distinct trajectories. In this context, there have been some attempts to identify knee OA pain trajectories and their risk factors over periods of 5e8 years 9e14 . These studies identified at least three trajectories with the most common factors related to pain trajectories being higher body mass index (BMI) 9e12 , lower education level 9e12 , presence of psychological problems 9e12 and comorbidities 9, 11, 12 . Although peripheral structural factors have traditionally thought to be an important factor in the genesis of pain, results about the association between radiographic severity and knee pain trajectories have been mixed. No study has examined whether structural damage on magnetic resonance imaging (MRI) can predict pain trajectory, and whether it is independent of other pain dimensions.
Therefore, this study aimed to identify distinct knee pain trajectories over 10.7 years in an older population and those with ROA, and to examine predictors of identified pain trajectories including MRI-detected structural pathology, demographic, psychological, lifestyle and comorbidities.
Material and methods

Participants
This study utilized data from the Tasmanian Older Adult Cohort Study (TASOAC). A total of 1,099 participants aged 50e80 years (mean age 63 years) were randomly selected from the electoral roll in Southern Tasmania (population 229,000), with an equal number of men and women. See Supplementary text 1 for detailed information on participants' recruitment. Baseline measures were conducted in 2002. The follow-up measures were taken approximately 2.6 (n ¼ 875), 5.1 (n ¼ 768) and 10.7 years (n ¼ 563) later. The study was approved by the Southern Tasmanian Health and Medical Human Research Ethics Committee, and all participants provided written informed consent.
Measurement of outcome
Western Ontario and McMaster Universities Osteoarthritis Index pain
Knee pain was assessed by the WOMAC pain subscale at each time-point with total scores ranging from 0 (no pain) to 45 (worst pain) 15 .
Measurements of factors associated with pain
Knee structural abnormalities on MRI Cartilage defects. Cartilage defects were assessed by a trained observer on T1-weighted magnetic resonance (MR) images at the medial tibial, medial femoral, lateral tibial, and lateral femoral sites, as previously described 16 , on a scale from 0 to 4 with grade 0 representing normal cartilage and grade 4 representing full-thickness chondral wear with exposure of subchondral bone. Intraclass correlation coefficients (ICCs) ranged from 0.80 to 0.95 for intraobserver repeatability. The presence of any cartilage defect was defined as a score of 2 at any site.
Bone marrow lesions (BMLs). BMLs presence were scored by a trained observer on T2eweighted MR images in the subregion of medial tibial, medial femoral, lateral tibial, and lateral femoral sites and defined as areas of increased signal adjacent to the subcortical bone, as previously described 17 . ICCs ranged from 0.89 to 1.00 for intra-observer repeatability. The presence of any BML was defined as a score of 1 at any site.
Effusion-synovitis. Effusion-synovitis was scored by a trained observer on a 0e3 point scale on T2eweighted MR images in the suprapatellar pouch, as previously described 18 . Grade 1 refers to <33% of maximum potential distention; 2 to 33e66% of maximum potential distention; 3 to >66% of maximum potential distention 19 .
The weighted k ranged from 0.63 to 0.75 for intra-observer repeatability. The presence of effusion-synovitis was defined as a score of 2.
Demographics
Age and sex were obtained by questionnaire. Weight was measured using electronic scales with shoes, socks and bulky clothing removed. Height was measured to the nearest 0.1 cm using a stadiometer. BMI was calculated (kg/m 2 ).
Physical activity (PA)
PA was assessed as steps per day determined by pedometer (Omron HJ e002 & 003, Japan), as previously described 20 .
Employment
Employment status was self-reported and collapsed into two categories: employed (full/part-time) and no paid employment (home duties, student, sole parent/disability pension, retired or unemployed).
Education level
Participants reported the highest education level they had completed, which was collapsed into three categories: low ¼ school only, medium ¼ trade/vocational certificate, high ¼ university level or above.
Emotional problems
Emotional problems were assessed by asking: 'how much have you been bothered by emotional problems during the past 4 weeks, such as feeling anxious, depressed or irritable?'. Responses included 'not at all', 'very little', 'moderately', 'quite a lot' and 'extremely'. The presence of emotional problems was defined as a response of 'very little' or more.
Comorbidities
Common conditions including diabetes, heart attack, hypertension, thrombosis, asthma, bronchitis/emphysema, osteoporosis, hyperthyroidism, hypothyroidism, rheumatoid arthritis were collected by a self-reported comorbidity questionnaire. Since heart attack, hypertension, diabetes and rheumatoid arthritis are the common cause of musculoskeletal pain, we chose to include these conditions into our analysis. The presence of comorbidities was defined as a score of 1.
Pain elsewhere
The location of pain sites was measured by self-reported questionnaire. Participants were asked whether they had pain (yes/no) in neck, back, hands, shoulders, hips, or feet. The number of painful sites (NPS) was summed to create a total NPS with a range from 0 to 6.
Radiographs
A standing anteroposterior semiflexed view of the right knee was performed and scored by two rheumatologists using the Altman atlas for osteophytes and joint space narrowing (JSN) on a scale from 0 to 3, as previously described 21 . ICCs ranged from 0.98 to 0.99 for intra-observer repeatability. The presence of ROA was defined as any score 1 for JSN or osteophytes.
Statistical analysis
Group-based trajectory modelling (GBTM) was used to identify groups of individuals following similar courses of pain evolution over time 22 . It assumes that there may be groupings of distinctive developmental trajectories within a population that themselves may reflect distinctive etiologies 22, 23 . GBTM is based on finite mixture modelling and utilizes a multinomial modelling strategy to identify distinctive subgroups. Maximum likelihood is used to estimate the model parameters. Censored normal models with two to six trajectories and with linear, quadratic, or cubic trajectories were considered and tested. The best optimal model was selected based on a combination of fit indices, interpretability, pragmatic evaluation and clinical relevance. Fit indices included the Bayesian information criterion (BIC) and Aikaike's information criterion (AIC), with lower AIC and BIC values indicating a better model fit. In addition, model interpretability was defined in a model in which each trajectory at least covered 10% of participants to ensure further statistical analyses. The minimum average posterior probability (PP) of assigning individuals to each trajectory was also used to determine model fit with the highest minimum PP for each model indicating a better model fit. PP in each trajectory is recommended as greater than 0.7 22 .
Based on previous literature within the field, age, sex, BMI, PA, unemployment, emotional problems, education level, comorbidities, pain elsewhere, ROA, and MRI-detected structural pathology were considered knee pain risk factors. The characteristics of participants were compared across pain trajectory groups using analysis of variance (ANOVA) or c 2 test where appropriate. Causal relationships between each of explanatory variables and knee pain were presumed (See Figs. S1 and S2). We first used univariate multi-nominal logistic regression to examine the associations between each of explanatory variables and pain trajectory group with 'Minimal pain' trajectory as a reference group. Multivariable multinominal logistic regression with mutual adjustment for baseline risk factors was then used to examine the impact of each of explanatory variables on pain trajectories 24 . To avoid misinterpretation of effect of each variable through including all variables in one model, we selected covariate subsets for each group of explanatory variables based on casual-effect relationships. Model 1: sociodemographics (age, sex, education level and employment); Model 2: Model 1 plus anthropometrics and lifestyle (BMI and PA); Model 3: Model 2 plus concomitant conditions (comorbidities, pain elsewhere and emotional problems); Model 4: Model 3 plus jointspecific variables (MRI-detected structural pathology and ROA). Further analyses were also conducted through restricting all analyses to those with ROA. A logistic regression model was performed to estimate the probability of dropout within each trajectory group dependent on the previous scores 23 . If difference in dropout probability between trajectories is >10 percentage point, dropout may influence the results. Furthermore, to determine the impact of dropout, we reanalysed the data by restricting participants with all four followup time-points. All analyses were performed using Stata V.12. P values < 0.05 were regarded as statistically significant.
Results
A total of 963 of the 1,099 participants who had complete baseline data were eligible for data analysis. Detailed baseline characteristics of the included participants are presented in Table I . The mean age was 62.8 years and 50% was female with a mean BMI of 27.7 kg/m 2 and steps per day of 8715.64% reported emotional problems, 60% was unemployed, 12% had a university education and 49% had one or more comorbidity. The mean WOMAC pain score was 3.6 and average NPS elsewhere was 3.60% of the participants had ROA at baseline. The prevalence of cartilage defects, BMLs and effusion-synovitis was 33%, 36% and 43%, respectively.
Three distinct groups of individuals with varying levels of pain severity but similar pain trajectories were identified ( Fig. 1 ). Each trajectory is visually different from one another and had a sufficient number of participants, suggesting that the three-trajectory model is the optimal and most clinically relevant model. The three trajectories were labelled as 'Minimal pain' (52%), 'Mild pain' (34%) and 'Moderate pain' (14%). All three trajectories had a high average PP (Minimal 0.97, Mild 0.95, and Moderate 0.97) indicating a good model fit. Overall, none of the trajectories showed a substantial pain improvement or worsening over time. The 'Minimal pain' trajectory had low levels of pain, which remained stable over time, with a mean pain score of around 0.3. The 'Mild pain' trajectory had a similar course as 'Minimal pain', showing a slight decrease from baseline to 2.6 years and then a slight increase thereafter back to baseline levels at 10.7 years. In the 'Moderate pain' trajectory group, pain levels at baseline were on average 15 and then slightly decreased between baseline and 5.1 years and then remained stable until 10.7 years.
Baseline characteristics of the participants by pain trajectory are presented in Table I . Most of characteristics amongst each pain trajectory group were different from one another suggesting construct and validity of the trajectories. Participants within the 'Mild pain' and 'Moderate pain' trajectory were more likely to have a greater BMI, be less physically active, have more emotional problems, be unemployed, have a lower education level, have more comorbidities and a greater NPS when compared to the 'Minimal pain' trajectory. They also had a higher prevalence of ROA and MRIdetected structural abnormalities, although effusion-synovitis was not statistically significant. Furthermore, the level of knee pain was statistically significant across the three trajectories at baseline as well as each follow-up time-point ( Fig. 1) .
Tables II and III shows the results of univariate and multivariable analyses of associations between baseline characteristics and pain trajectory membership. Compared to the 'Minimal pain' trajectory group, the presence of MRI-detected cartilage defects, BMLs, and effusion-synovitis were associated with an increased risk of belonging to both the 'Mild pain' and 'Moderate pain' trajectory before or after adjustment for potential confounders apart from effusion-synovitis with the 'Moderate pain' trajectory in univariate analysis (P ¼ 0.086). In univariate analyses, other factors associated with both 'Mild pain' and 'Moderate pain' trajectory were obesity, comorbidities, pain elsewhere and presence of emotional problems. ROA was associated with an increased risk of belonging to the 'Mild pain' trajectory group, whereas unemployment and low education level were also associated with 'Moderate pain' trajectory group. In multivariable analyses, obesity and pain elsewhere remained statistically significant for both pain trajectories. Furthermore, younger age, unemployment, low education level and emotional problems were risk factors for belonging to the 'Moderate pain' trajectory group. In addition, there was a doseeresponse relationship between the magnitude of emotional problems and 'Moderate pain' trajectory (Data not shown).
We identified three pain trajectories while restricting analyses to those with ROA, and found similar results of associations between baseline characteristics and pain trajectories (Tables IV and  V) . In univariate analyses, MRI-detected structural pathology, obesity, comorbidities, pain elsewhere and emotional problems were associated with both 'Mild pain' and 'Moderate pain' trajectory compared to 'Minimal pain' trajectory group. Higher level of PA and education were also associated with a decreased risk of 'Moderate pain' trajectory. In multivariable analyses, the presence of cartilage defects, BMLs, obesity and pain elsewhere remained statistically significant with both the 'Mild pain' and 'Moderate pain' trajectory. However, effusion-synovitis, unemployment and emotional problems were only associated with 'Moderate pain' trajectory.
The dropout probability for 'Minimal', 'Mild' and 'Moderate' trajectory was 17.4%, 17.7% and 27.2% respectively. The differences in probability between groups were <10 percentage point, suggesting dropout was not considered influential. When reanalysing the data by restricting participants with all four follow-up time-points, three similar trajectories were found as the primary analysis. Multinomial logistic regression results were also similar apart from effusion-synovitis in the whole sample and those with ROA which may be due to reduced sample size.
Discussion
The present study identified three distinct pain trajectories in a general population and those with ROA, and profiled potential risk factors related to each pain trajectory. One group ('Minimal pain') consisted of half of the participants with a consistently low level of pain, one group ('Mild pain') comprised a third of participants with a relatively persistent mild level of pain, and one group ('Moderate pain') consisted of a minority of participants whose pain was high and decreased slightly and then remained stable. However, in general, the pain level within these three trajectories appeared relatively stable over time with no trajectories showing constant worsening or improvement. Compared to the 'Minimal pain' trajectory group, MRI-detected structural abnormalities, obesity and pain elsewhere were independent risk factors for both mild and moderate pain trajectories. Furthermore, unemployment and presence of emotional problems were independent risk factors for belonging to the 'Moderate pain' trajectory group in the general population and those with ROA. These results clearly show multiple independent contributors to pain trajectory over time with some variations by severity. These findings not only corroborate previous findings of existing homogeneous subgroups following a specific trajectory over time, but extend the previous work by showing that peripheral structural factors on MRI play an important role in more severe pain trajectories.
There have been few attempts to identify pain trajectories in knee OA 9e13 . These studies identified three to six trajectories with a follow-up of 5e8 years. Although we are unable to directly compare our study results with previous studies because of differences in included participants, length of follow-up, measurement of pain, as well as statistical methods used for identification of pain trajectories, this study further supports that pain in knee OA is very heterogeneous and comprises groups of homogeneous patients following distinct trajectories. Furthermore, our findings that the three identified trajectories did not show substantial improvements or exacerbations over time are in accordance with most studies on this topic 9e11, 13 . Collin et al. 9 identified five stable WOMAC pain trajectories based on 6-year Osteoarthritis Initiative (OAI) data among participants aged 45e79 years who had symptomatic ROA. Dai et al. 13 identified four stable WOMAC pain trajectories using 8-year OAI data among participants with or without ROA. Although Nicholls et al. 10 identified five WOMAC pain trajectories over 6-year with stable, improving and progressive among adults aged over 50 years with knee pain, they failed to identify improving and progressive pain trajectories in a matched sample of participants from the OAI. Wesseling et al. 11 identified three stable pain trajectories among participants aged 45e64 years with early symptomatic knee OA, but subsequently they identified six pain trajectories with stable, improving and worsening from the same 12 . Taken together, these findings appear to support that pain trajectory is mostly stable once established. Our population-based study identified less number of trajectories than previous studies; however, the characteristics of participants were markedly different across three trajectories in this study, which provides support for the construct and validity of trajectories identified. In addition, the minimum average PP of the three trajectories was more than 0.95 suggesting a valid trajectory and good model fit.
Pain in knee OA is multifactorial and considered to be a complex phenomenon which is affected by factors across multiple domainseperipheral, psychological, and neurological 25 . To our knowledge, this is the first study to profile factors across these different pain domains with pain trajectories. Consistent with prior studies 9e12 , this study found that obesity was a risk factor for belonging to both the 'Mild pain' and 'Moderate pain' trajectory, compared to the 'Minimal pain' trajectory group; whereas unemployment and presence of emotional problems were only associated with the 'Moderate pain' trajectory group in those with knee OA. Our study goes beyond previous studies by showing statistically significant associations of MRI-detected structural abnormalities and painful sites with worse pain trajectories. In contrast, the presence of comorbidities that commonly had an association with pain trajectory in prior studies was not observed in the current study in multivariable analyses. This may indicate that comorbidities are dependent on other factors to mediate pain. By and large, different characteristics among three distinct pain trajectories may indicate different pain mechanisms underlying each pain trajectory.
Obesity is a well-established risk factor contributing to pain. The mechanisms by which obesity contributes to pain are not only due to increased physical loading, but also linked to obesity-related systemic chronic inflammation 26, 27 . However, the current study was not able to distinguish which mechanisms are predominant in the effect of obesity on pain trajectories. It has been suggested that widespread pain and psychological disturb may serve as a surrogate for pain sensitisation underpinning chronic pain 28, 29 . People with sensitisation tend to have a greater pain intensity, more widespread pain and psychological problems. Supporting this, we found that greater NPS and the presence of emotional problems were risk factors for belonging to the 'Moderate pain' trajectory group, inferring a role of sensitisation in worse pain trajectories. However, our findings that presence of emotional problems was associated with 'Moderate pain' trajectory in a doseeresponse manner but not 'Mild pain' trajectory, were partly in accordance with previous studies 9e12 . This may suggest that psychological factors may not act as an independent mediator for 'Mild pain', but may interact with peripheral structural and central factors to exacerbate pain experience. Several mechanisms by which psychological factors contribute to pain have been proposed, including dysfunction of pain processing in the central nervous system 29e31 , genetic vulnerability 32 and cognitive influence 33 . A doseeresponse relationship between emotional problems and 'Moderate pain' seems to support a greater effect of neurobiological processes underlying this relationship.
Similar to previous research 11,12 , we did not detect a statistically significant association between ROA and pain trajectories. Importantly we did find that MRI-detected structural pathology (cartilage defects and BMLs) were risk factors for belonging to both the 'Mild pain' and 'Moderate pain' trajectory groups in those with knee OA, raising the possibility that peripheral structural factors are one component for the development and maintenance of OA pain, although structural damage itself is insufficient to explain the complex pain perception. This appears to be supported by prior studies reporting that the majority of patients had pain improvement after total knee replacement (TKR) 34, 35 . However, effusionsynovitis was only found to be associated with 'Moderate pain' trajectory but not 'Mild pain' in knee OA. It may be that pain associated with synovitis-effusion is more due to central than peripheral mechanisms. This is supported by a recent study showing that synovitis-effusion is associated with worsening or development of pain sensitisation 36 . Furthermore, we performed an additional analysis to examine the risk factors for pain trajectories in those without ROA. There were no differences in risk factors for pain trajectories between ROA and non-ROA apart from structural pathology, suggesting that the presence of OA was not the main (or at least not the only) determinant of pain trajectories (See Table S1 ).
Some implications may be raised from the findings of distinct pain trajectories identified in this study. These trajectories potentially represent distinct subgroups and may be clinically useful for the accurate classification of patients with knee pain particularly for OA patients. For instance, patients within the 'Moderate pain' trajectory would potentially benefit from an early intervention that includes psychological intervention (such as antidepressants and cognitive behavioural therapy) and weight management (such as exercise and diet), whereas weight management might be effective for those following a persistent 'Mild pain' trajectory. A wait-and-see method/ no intervention may be suitable for patients likely to follow a constant low level of 'Minimal pain'. Three relatively stable pain trajectories advance our outstanding of pain in OA that, overall, is a nonprogressive symptom, primarily determined by its baseline level overtime unless important risk factors are modified. This highlights the need for a well-designed intervention study to investigate whether patients within different trajectories can actually benefit from different treatments and whether early pain management can shift the individual course of pain trajectory to favourable course 37 .
Strengths of this study include its long term follow-up, relatively large sample and the analysis of peripheral MRI-detected structural abnormalities as risk factors for pain trajectories. However, this study has some limitations. First, pain assessment was not frequent with a large time interval between each follow-up and we are unable to know whether frequent follow-up may change pain trajectories. However, the trajectories observed in this study were not obviously different from studies which considered more frequent follow-ups. Second, the presence of emotional problems was measured by a simple question, so this study cannot infer too much on the impact of psychological factors on pain trajectories. Third, MRI-detected structural abnormalities were only available for the right knee; however, pain measurement was considered for both knees. This may have weakened the relationship between structural abnormalities and pain trajectories. Furthermore, the knee X-ray data at 10.7 years in this study are not yet available so we were unable to assess how incident ROA influenced our results. However, consistent results were observed in those with and without ROA, and there is a weak correlation between ROA and pain. This may suggest that incident ROA might not have influenced our results. Fourth, this was an observational study and participants may have been using medications and other techniques to manage their symptoms. Therefore, we cannot determine whether this would affect pain trajectories. Finally, ethnic differences in pain perception have been reported 38 and our findings may only be generalizable to Caucasians.
To sum up, distinct pain trajectories identified suggest that homogeneous subgroups exist, which might be useful for phenotypic assessment for pain management, particularly in knee osteoarthritis. Knee structural pathology was associated with worse pain trajectories, suggesting that peripheral stimuli are critical for the development and maintenance of pain severity. Environmental and psychological factors may exacerbate pain perception.
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